The purpose of this study was to investigate the relationship between a harmonious profile and normal occlusion, differences between good and poor groups, and the characteristics of a good group from normal occlusion group and after orthodontic treatment groups.
INTRODUCTION
The purpose of orthodontics is to improve the form and function of malocclusions and obtain a harmonious profile in facial esthetics. Thus, the harmonious profile is based on normal function and structure, which are closely related to each other.
Orthodontic studies regarding the harmonious profile in facial esthetics have evaluated it quantitatively by means of lateral cephalogram, facial photographs and silhouette, etc. Previous studies have suggested that harmonious profile in facial esthetics differs in the nose, lip and chin from the disharmonious one 17, [27] [28] [29] . However, they also suggested that the characteristics of facial esthetics may vary depending on age, sex, and race of the subjects as well as the orthodontic knowledge of evaluator 1, 2, 7, 10, 13, 19, 20, 30) .
Normal occlusion is important in a harmonious profile 8, 19) , but the presence of normal occlusion does not always mean that the profile is harmonious 22) . It is not uncommon to find a harmonious profile in spite of the fact that there are some malocclusions present 3, 17, [22] [23] [24] [25] [26] [27] .
The purpose of this study was to investigate the relationship between harmonious profile and normal occlusion, differences between good and poor groups, and the characteristics of a good group from normal occlusion and after orthodontic treatment.
MATERIALS AND METHODS

Materials
Subjects evaluated were 88 (33 males, 55 females) after orthodontic patients or patients who finished their orthodontic treatment, were evaluated as "Good" or "Satisfactory" by Gottlieb's grading analysis 9) , were over 14 years of age, and had been treated with a multi-bracket appliance and the edgewise method at the Department of Orthodontics of the Tokyo Dental College. They were classified as orthodontic subjects. Their mean age was 17 years and 2 months (17.7 years All subjects were Japanese. For the purpose of analysis, all lateral cephalograms of both normal subjects and orthodontic subjects were taken in centric occlusion with the lips closed.
Method of evaluation of the profile in facial esthetics
Evaluators were divided into two groups (10 males, 10 females in each group). One were classified as poor.
Analysis of cephalograms 1) Landmarks
In this study, the 36 landmarks included 18 for hard tissue and 18 for soft tissue. They are shown in Fig. 2 . The identification of these landmarks was based on definitions found in the literature 12, 20, 27) .
2) Cephalometric measurements
Hard tissue measurements 6, [14] [15] [16] are shown in Fig. 3 . Soft tissue measurements 20, 27, 29) are shown in Fig. 4 , and thickness measurements are shown in Fig. 5 .
3) Statistical analysis
Descriptive statistics were calculated for cephalometric measurements. The unpaired Student's t-test was used to compare the means of cephalometric measurements between normal subjects and orthodontic subjects, the good and poor groups from normal subjects and orthodontic subjects, the good and poor groups from both normal and orthodontic subjects (all subjects), and the good and poor groups between normal subjects and orthodontic subjects. (Table 2) In the normal subjects, 16.7% of the sample classified as good, 51.7% were mediocre, and 31.7% were poor. In the orthodontic subjects, 19.3% were good, 40.9% were mediocre, and 39.8% were poor. The results were similar between the groups.
RESULTS
Results of a questionnaire on the profile in facial esthetics
Comparison between normal subjects and orthodontic subjects (Table 3, 4, 11) 1) Hard tissue measurements
In the orthodontic subjects, the maxilla retruded a little, the anteroposterior difference between the maxilla and the mandible was smaller, the edges of the upper and lower central incisors retruded to the basal arch, and the inclination of lower central incisors inclined lingually to the basal arch more than in normal subjects. 2) Soft tissue and thickness of soft tissue measurements In the orthodontic subjects, the upper basal lip region and lower lips retruded, the Table 3 Results of hard tissue measurements in the normal and orthodontic subjects Table 4 Results of soft tissue and thickness of soft tissue measurements in the normal and orthodontic subjects ratio of upper facial height to total facial height was smaller, the root of the nose and the chin region were thinner, and the thickness of upper lip was thicker than in normal subjects. Additionally, comparison between sexes in the normal subjects showed that the nasal height was higher, the thickness of the root of the nose and the thickness of the chin region were greater in males than in females. (Table 5 , 6, 11) 1) Hard tissue measurements in normal subjects In the good group, the anteroposterior difference between the maxilla and the mandible was larger and the edges of the upper and lower central incisors retruded more to the basal arch than in the poor group.
Comparison between the good group and the poor group of normal subjects
2) Soft tissue and thickness of soft tissue measurements in normal subjects
In the good group, the anteroposterior difference between the upper and lower basal lips region was larger, the upper and lower lips retruded, and the chin region was thicker than in the poor group.
Comparison between the good group and
the poor group of orthodontic subjects ( Table 7 , 8, 11) 1) Hard tissue measurements in orthodontic subjects In the good group, no significant differences were found in the skeletal pattern, but the edges of the upper and lower central incisors retruded to the basal arch more than Table 5 Results of hard tissue measurements in the good and poor groups from normal subjects Table 6 Results of soft tissue and thickness of soft tissue measurements in the good and poor groups from normal subjects Table 7 Results of hard tissue measurements in the good and poor groups from orthodontic subjects Table 8 Results of soft tissue and thickness of soft tissue measurements in the good and poor groups from orthodontic subjects in the poor group.
2) Soft tissue and thickness of soft tissue measurements in orthodontic subjects In the good group, the anteroposterior difference between the upper and lower basal lips region was larger, the upper and lower lips retruded, the ratio upper facial height to total facial height was larger, the sulcus mentolabialis region was thinner, and the chin region was thicker than in the poor group.
Comparison between the good group and the poor group of all subjects (both normal and orthodontic subjects)
( Table 9 , 10, 11)
1) Hard tissue measurements in all subjects
In the good group, the edges of the upper and lower central incisors retruded to the basal arch more than in the poor group.
2) Soft tissue and thickness of soft tissue measurements in all subjects
In the good group, the anteroposterior difference between the upper and lower basal lips region was larger, the upper and lower lips retruded, the ratio upper facial height to total facial height was larger, and the chin region was thicker than in the poor group. It was recognized that the characteristics of combined good group from all subjects were clearer those from the separate groups. (Table 5 , 6, 7, 8, 11) 1) Hard tissue measurements in normal and orthodontic subjects Table 9 Results of hard tissue measurements in the good and poor groups from all subjects Table 10 Results of soft tissue and thickness of soft tissue measurements in the good and poor groups from all subjects In the good group from orthodontic subjects, the maxilla retruded, the anteroposterior difference between the maxilla and the mandible was smaller, and the edges of the upper and lower central incisors retruded to the basal arch more than in the good group from normal subjects. In the poor group from orthodontic subjects, the edges of the upper and lower central incisors were retruded to the basal arch more than in the poor group from normal subjects. 2) Soft tissue and thickness of soft tissue measurements in normal and orthodontic subjects No significant differences were found between the good and poor groups of normal and orthodontic subjects.
Comparison between the good groups and the poor groups of normal and orthodontic subjects
DISCUSSION
Material and Methods
There are several studies reporting that esthetic preferences for a harmonious profile are based on the conditions of both subjects and evaluators 1, 2, 7, 10, 13, 19, 20, 30) . The subjects were selected by following means. (1) Photographs, standardized external profile, (2) Disor harmonious profile, and occlusion. In this study, subjects were selected from a standardized external profile by gender because we believe that can eliminate many issues in facial esthetics.
Esthetic preferences are based on the backgrounds of the evaluators (a specialist in art, a person involved in dentistry or medicine, and Table 11 Items which showed significant differences in the comparison of cephalometric measurements from normal, orthodontic, and all subjects an untrained person etc.). De Smit and Dermaut 4) reported that the esthetic preferences of the evaluator are not influenced by differences in sex or orthodontic knowledge. Dongieux and Sassouni 5) reported that the esthetic evaluations (or opinion) are not influenced by differences in judge's group characteristics (orthodontists, students, and artists). On the other hand, Foster 7) reported that the judgments did differ depending on the evaluator's background (orthodontists and other groups). In this study, in order to avoid any bias by sex or orthodontic knowledge, the same number of males and females as well as the same number of students and orthodontists were selected to participate as evaluators (judges).
Results of the questionnaire
The evaluations of harmonious profiles revealed the same ratios, 17-20% in the good group, 42-52% in the mediocre group, and 31-40% in the poor group, regardless of whether subjects were normal or orthodontic patients. In this study, subjects with good occlusion were selected, but it seemed that there were disharmonious profiles in both normal and orthodontic subjects. Merrifield 18) reported that, in facial esthetics, the good group was 25%, and the other group was 75%. Ito et al. 11) reported that the good group was 83.7%, and the poor group was 16.3%. The results of our study were similar to Merrifield's results 18) . The differences in evaluation of harmonious profile in facial esthetics in normal subjects and orthodontic subjects showed a similar percentage in the good group, a higher percentage in the mediocre group from normal subjects, and a higher percentage in the poor group from orthodontic subjects. These results indicate that the characteristics of normal subjects are favorable for a harmonious profile in facial esthetics. In the orthodontic subjects, the influence of malocclusion still slightly remained.
Differences between normal subjects and orthodontic subjects
The results obtained in this study clarified why subjects with malocclusion underwent orthodontic treatment with nonextraction or extraction and included patients with a maxillary protrusion and a mandibular protrusion.
There were differences in hard tissues between the good and poor groups from the normal and orthodontic subjects, but few differences in soft tissues.
Yamauchi et al. 30) has suggested that the total facial height was larger and the thickness of the root of the nose was thicker in normal adult males than in females but that the nasal height and the thickness of the chin region did not differ. In this study, the results indicated that the nasal height was higher and the thicknesses of the root of the nose and the thickness of the chin region were greater in males than in females. These differences were considered to be the results of individual differences and methods of measurement. Tsuchimochi 29) suggested that the characteristics of the good group are high nasal height and good balance of the upper and lower lips and that the characteristics of the poor group are curled lower lip and a forward change in the chin. In this study, the males and females from normal subjects had, the characteristics indicated by Tsuchimochi for the upper and lower lips and the chin, but the nasal height did not differ.
Differences between the good group and the poor group
In this study, the distance of L1 to A-Pog was 2.53 mm, a smaller value than the one obtained by Ito et al. 11) , who reported that the distance of L1 to A-Pog was 3.7 mm after orthodontic treatment. The soft tissue has not been reported any study.
A summary of Riedel 21) , Sebata et al. [23] [24] [25] [26] [27] , Kojima 17) , and Shirai 28) , who compared good groups and poor groups from the general public suggested that, in the good group, the upper and lower incisors inclined lingually, the edges of the upper and lower central incisors retruded to the basal arch more than in the poor group, the upper and lower lips inclined lingually, the upper and lower lips retruded, and the chin region was thicker than in the poor group. These suggestions fit the results obtained in this study with the exception of the inclination of lower incisors.
In beauty contest participants, Riedel 22) found that the maxilla protruded, the anteroposterior difference between the maxilla and the mandible was larger, the upper central incisors inclined lingually, the lower central incisors inclined labially, and the interincisal angle was larger. These conditions agree with the results of the good group in our study. It seems that one factor which influences the harmonious profile in facial esthetics is the inclination of the upper and lower lips, which is over 150° in persons with harmonious profiles and under 140° in those with disharmonious profiles in this study.
Comparison of hard tissue measurements between the good and the poor group showed that the anteroposterior difference between the maxilla and mandible was larger in the good group from normal subjects, but no differences were found in the orthodontic subjects or in the combined subjects. The edges of the upper and lower central incisors retruded to the basal arch in the good groups from normal subjects, orthodontic subjects, and all subjects. In the soft tissue and thickness of soft tissue measurements, many significant differences were found: the upper and lower lips retruded, the ratio amount of upper facial height to total facial height was larger, and the chin region was thicker in the good groups from normal subjects, orthodontic subjects, and all subjects.
Therefore, we concluded that the positions of the edges of the upper and lower central incisors, the protrusion of the upper and lower lips, the inclination of the upper and lower lips, and the thickness of the chin region all influence the harmonious profile in facial esthetics.
